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The aim of this study is development of industrially applicable production technology 
of biodegradable and biomass polyester 
poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH) with more than 10 mol% of 
3HH monomer fraction from palm kernel oil as a sole carbon source. I successfully 
developed the process by breeding a recombinant strain of Cupriavidus necator H16 in 
which phaA encoding acetoacetyl-CoA acetyltransferase is deactivated and 
crotonyl-CoA reductase (CCR) of Streptomyces cinnamonensis and PHA synthase of 
Aeromonas caviae (PhaCAcNSDG) are expressed in order to increase 3HH monomer 
content. I found that BktB (a second -ketothiolase with broader substrate specificity) 
condenses acetyl-CoA and butyryl-CoA effectively to synthesize 3-ketohexanoyl-CoA 
(a precursor of 3HH monomer) only in the phaA deactivated mutant. Moreover, it was 
proved that the CCR works for increase intracellular (R)-3HH-CoA provision and 
activity of PHA synthase is important in efficiency of incorporation of that 
(R)-3HH-CoA into PHBH. By expressing the ccrSc and phaCAcNSDG genes, newly 
constructed stable expression vector (pCUP3) was very useful. Consequently, 
production of PHBH by 135 gPHBH/L of productivity and 12.2 mol% of 3HH 
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Fig. 1. Structure of poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) 
 
 
Fig. 2. Modulus vs. Elongation of various polymers 















































Fig. 3. Structure and restriction map of pCUP3. 
 
 
Fig. 4. Segregational stability of the pCUP2, pCUP3 and pJRD215 in the C. necator 
H16 in (A) MBN (PHA high accumulation) medium and (B) MBM (PHA low 
accumulation) medium. 




































































 Fig. 5. PHBH synthesis pathway in recombinant Cupriavidus necator H16 from plant 
oils (or fatty acids). a; (R)-specific enoyl-CoA hydratase (encoded in phaJ). b, d; 
NADPH dependent (R)-specific reductase (encoded by phaB), c; acetoacetyl-CoA 
acetyltransferase (encoded in phaA). e; PHA synthase (encoded in phaCAc) 
 
 
Fig. 6. Time course of PHA productivity (solid squares) and 3HH composition (solid 
triangles) of recombinant Cupriavidus necator strains cultured under high cell density 
fed-batch fermentation conditions.  
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Fig. 7. Pathway for biosynthesis of (R)-3-hydroxyhexanoyl-CoA from crotonyl-CoA . 
       a; Crotonyl-CoA reductase (CCRSc), b; β-ketothiolase (BktB), 





Fig. 8. PHBH synthase activity of ASCR and ASCRN strains. 
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KNK005 none 173.6 ± 2.2 133.7 ± 3.6 77.0 ± 1.1 92.6 ± 0.3 7.5± 0.3
KNK005CN pCUPEEccr::NSDG 181.5±1.4 148.0±1.5 81.6±0.2 92.0±0.2 8.1±0.2
ASCR pCUP3EEccr 171.0± 2.1 131.7 ± 1.3 77.1 ± 1.7 90.2 ± 0.1 9.9 ± 0.1
ASCRN pCUPEEccr::NSDG 173.0±2.9 135.1±5.2 78.1±1.7 87.8±0.3 12.2±0.3
Cells were cultivated in MBN medium. In culture, PKO was intermittently added.
Antibiotics, such as kanamycin, were not added at all levels of the culture.
All values represent means of duplicate cultures, with the uncertainties indicating the range of observed
values.
Table 1. Results of high cell density PHA fermentation using C. necator strains.
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